Introduction
The aim of this palynostratigraphic study was to determine the composition of palynomorph assemblages in the upper Vise´an, Namurian (Serpukhovian) , and Westphalian (Bashkirian) rocks of the Joggins area, Cumberland depocentre, Nova Scotia, as well as in the nearby upper Vise´an and Namurian rocks of Maringouin Peninsula, southeastern New Brunswick (Figure 1 ). These data contribute to making palynostratigraphic correlations throughout Atlantic Canada, and provide information concerning the paleoclimate, floral province, and paleoenvironments (at the site of plant growth and at the site of sedimentation).
The probable ages of the assemblages have been determined by making comparisons with palynological data available elsewhere in the world, and by taking into account the ages established from other fossil groups, such as the macroflora. Of special significance is the palynological zonal scheme of Western Europe in the Upper Paleozoic. This area was in the same floral province as Atlantic Canada (Sullivan 1965; Clayton 1985) although not necessarily in the same climatic belt. Also in Western Europe there is some measure of independent stratigraphic control from marine faunas such as corals, goniatites, foraminifers, and conodonts, whereas this is lacking in the Carboniferous of eastern Canada except in the Vise´an Windsor Group (von Bitter et al. 2006) . The interval studied is of special stratigraphic significance as within it is the boundary between the Mississippian and Pennsylvanian.
Lithostratigraphy
The Joggins section is the best-known succession of coal-bearing Carboniferous strata in Canada ( Figure 1a ) with geological investigations by the Geological Survey of Canada commencing more than 150 years ago. In July, 2008, the importance of the Joggins section to Carboniferous stratigraphy was acknowledged by its designation as a UNESCO World Heritage Site.
The locality is situated in the Cumberland depocentre ( Figure 1a ) of northwestern Nova Scotia, which is part of the Maritimes Basin (Gibling 1995) . The section, which contains Vise´an to Bashkirian rocks, generally dips at moderate angles to the south. Exposures are almost continuous in coastal cliffs, or in the adjacent intertidal areas, from Downing Cove in the northeast, to Shulie in the southwest (Figure 1b) where the succession is interrupted by the Athol and Sand River fault systems. South of these fault systems, excellent exposures continue, but the stratigraphic relationships are difficult to determine. The most comprehensive stratigraphic investigations of the entire Joggins section are those of Ryan and Boehner (1994) and these have provided a lithostratigraphic base for the present palynostratigraphic study. Nomenclature applied here (Figure 2 ) is largely that of Ryan et al. (1991) which is similar to that applied by Ryan and Boehner (1994) in their subsequent memoir. We follow the recent revisions of Calder et al. (2005) and Davies et al. (2005) for lower Pennsylvanian rock units. We also refrain from applying the formal term Ragged Reef Formation (Ryan et al. 1991; Ryan and Boehner 1994) to rocks exposed at Spicers Cove and Apple River, which we believe to be stratigraphically distinct from the type Ragged Reef Formation.
Near the base of exposure in the Joggins coastal section, the Middleborough Formation (*Maringouin Formation in adjacent New Brunswick) (Figures 2 and 3) comprises fine-grained redbeds with sparse thin intercalated sandstones and rare polymictic conglomerate (Ryan and Boehner 1994) . Assigned to the Mabou Group, the Middleborough Formation conformably overlies the poorly exposed Limekiln Brook Formation of the Windsor Group, which is characterized by intercalated fine-grained redbeds and marine limestones with gypsum or anhydrite. The Middleborough Formation is in turn conformably overlain by the Shepody Formation, a succession characterized by thick units of mainly grey fluviatile sandstone that contain macroflora, intercalated with both red and grey mudrocks. The type Shepody Formation, exposed near the southern tip of the Maringouin Peninsula ( Figure 3 ) of southeastern New Brunswick, has been included in the present investigation. Ryan and Boehner (1994) consider the Shepody to be the highest formation of their Mabou Group. Above the Middleborough Formation in the northern part of the Joggins section, polymictic conglomerate with arkosic sandstone and grit typify the Claremont Formation (Figures 2 and 3) which is approximately coeval with the Enrage´Formation of New Brunswick.
These rocks overlie sandstones of the Shepody Formation without apparent hiatus. Ryan and Boehner (1994) considered the Claremont Formation a basal conglomeratic facies of the Cumberland Group, whereas in New Brunswick, the coeval Enrage´For-mation is considered to be the highest rock unit of the Mabou Group. We note that within the upper parts of the sandstone-dominated Shepody Formation, both in the Joggins section and in its type section in New Brunswick, lensoidal pebbly arkosic sandstones are present below typical polymictic conglomeratic beds of the Claremont (Enrage´) Formation. We interpret the Shepody-Claremont contact to be both transitional and conformable, and assign both formations to the Mabou Group.
In the Joggins section, a concealed interval of 25 m separates the lower Claremont Formation from the overlying Boss Point Formation and the stratigraphic relationships are uncertain. On the southern tip of the Maringouin Peninsula in southern New Brunswick, approximately 44 m is concealed at this same stratigraphic level (P. Jutras, personal communication). The Enrage´-Boss Point contact is, however, exposed in coastal cliffs in mainland New Brunswick, across from the southern Maringouin Peninsula just south of Green Creek. There, these rock units are totally concordant.
The lower part of the Boss Point Formation is assigned informally to the Chignecto Bay Member, which ranges from 95-200 m, and is characterized by chocolate brown to reddish siltstone and mudstone interbedded with rippled to small-scale trough-bedded non-arkosic sandstones, distinct from sandstones of the underlying Claremont-Enrage´interval.
The proportion of sandstone increases upwards in the Chignecto Bay Member, and the upper boundary of the member is placed at the earliest occurrence of thick multi-storied sandstone units, which typify the remainder of the Boss Point Formation in both the Joggins section and on the Maringouin Peninsula.
The Boss Point Formation (Figure 2 ), which is approximately 1000 m thick, is dominated by thick multi-storied fluviatile sand units interbedded with dark grey and lesser red mudstones. Plant remains, including large stem fragments and logs, are common in the channel sandstones. Although rare in the Joggins section exposures, quartz-pebble channel lags are locally common in typically fine-grained to medium-grained Boss Point sandstones in closely adjacent southeastern New Brunswick. In the Joggins section, fine-grained red siltstones and mudstones are increasingly common in the upper 150 m of the Boss Point Formation.
The Little River Formation of Calder et al. (2005) replaced a lower portion of the Joggins Formation of Ryan and Boehner (1994) . Its base is defined by the top of the highest thick, multi-storied fluviatile sandstone of the Boss Point Formation. Fine-grained rocks dominate the Little River Formation and red colours are characteristic. The top of the Little River Formation is placed immediately beneath the first coal to appear in the succession. The formation is 635 m thick. The Joggins Formation, as revised by Calder et al. (2005) and Davies et al. (2005) , lies conformably on the Little River Formation and conformably beneath the Springhill Mines Formation at Springhill (Figures 1b  and 3 ). It is 916 m thick . The Joggins Formation is heterolithic with both red and grey fine-grained strata and associated coals, as well as sandstone in channel units averaging 6 m. The formation is characterized by its coal measures and by common bivalve-bearing grey siltstone and mudstone, and thin impure limestones which often immediately overlie coal seams. The boundary with the overlying Springhill Mines Formation was lowered by Davies et al. (2005) to the top of the highest limestone bed associated with coal. This revision was cited by Davies et al. (2005) as more in keeping with the original definition of coal group 1 and Division 4 of Logan (1845). Davies et al. (2005, fig. 4) illustrates the nature and impact of their revision to previously defined rock units and their boundaries.
Overlying the Joggins Formation, Ryan and Boehner (1994) defined the Springhill Mines Formation, approximately 610 m in thickness in the coastal section and 660 m in thickness in its designated type section in the Springhill coalfield (Figures 2-5 ). The formation is characterized by grey sideritic mudrocks with grey, medium grained sandstone and by numerous coal seams. Fine-grained red strata are intercalated throughout and become more prevalent upsection.
Present in the subsurface inland, but lacking in the Joggins coastal section, is the Polly Brook Formation (Ryan et al. 1991) which interfingers with coal measures lithotypes of both the Joggins and Springhill Mines formations. The formation is typified by coarsegrained facies comprising pebble to boulder conglomerates which are polymictic but locally contain a significant proportion of clasts of older Carboniferous rocks. Developed mainly in close proximity to the Cobequid uplands, the formation reaches its maximum thickness of 1400 m in the type area.
In the Joggins coastal section, the Springhill Mines Formation is conformably overlain by the Ragged Reef Formation (Ryan and Boehner 1994) . The latter extends southerly to the vicinity of Shulie (Figures 1b and 4) at which point strata repeat as the coastline projects westerly into Chignecto Bay. Ryan and Boehner (1994) reported a thickness of 667 m for the type section. Our estimate based on newly measured section by one of us (P.S.G.) puts the Ragged Reef thickness in its type section significantly greater, at approximately 940 m. The Ragged Reef is characterized by sandstone in thick, multistoried, channel units interbedded with red siltstones. The proportion of sand to silt varies throughout the succession although the lower portion contains proportionately more fine-grained strata. Pebbly lags are characteristic in many thick channel units, becoming more common upsection, and lensoidal conglomeratic beds more than two metres in thickness typify channel units in the upper part of the type section. The conglomerates are polymictic and, unlike the Polly Brook Formation conglomerates, are not known to contain clasts of Carboniferous rock types. Approximately 200-300 m of conglomeratic rocks, occur in the Spicers Cove area south of the Ragged Reef type section ( Figure 6 ). They are associated with thin coals and fossil trees in life position, and were considered a stratigraphically higher part of the Ragged Reef Formation by Ryan and Boehner (1994) . They are here informally referred to as the 'Spicers Cove Formation' (Figure 2 ).
Material studied
The illustrated stratigraphic logs of the main Joggins coastal sections (Figures 7-11 ) are a composite from several sources. We have relied in part on summary graphic logs published by Ryan and Boehner (1994) . Stratigraphic control for samples from the type Shepody Formation of New Brunswick (Figure 3 ) was provided by unpublished preliminary graphic logs prepared by Clinton St. Peter and Susan Johnson of the New Brunswick Department of Natural Resources and Energy. Further samples of the Shepody, Claremont, and Boss Point formations were provided by Pierre Jutras, St. Mary's University, Halifax. For the lower part of the revised Joggins Formation, Martin Gibling, Dalhousie University, Halifax, and Sarah Davies, University of Leicester, UK, kindly provided unpublished measured sections which we used for stratigraphic control. The latter sections, with minor modifications, are those presented by Davies et al. (2005) . From the Springhill Mines Formation type section inland at Springhill (Figures 5 and 11) , sampling of coreholes SH-5, SH-74, and SH-99 was guided by graphic logs provided by John Calder (Nova Scotia Department of Natural Resources). In the area south of the Athol and Sand River fault systems (Figures 6 and 12 ) we used the measured sections of Salas (1986) supplemented with our own measured section along the southern shore of the Apple River estuary, for the 'Spicers Cove Formation'. When our sampling was done, the finely detailed graphic logs of the Little River Formation of Calder et al. (2005) were not yet available, and our samples are plotted adjacent to the log provided by Ryan and Boehner (2004) at that stratigraphic level.
Previous paleontological work
Previous paleontological work is summarized below and further details are given by Calder (1998) . In beds now assigned to the Mabou and Cumberland groups, Logan (1845) reported numerous non-marine fossils including Calamites and Stigmaria, Sigillaria, shells, fish scales, and fish. Based on biostratigraphic data, Dawson (1854) correlated the coal-bearing sequence at Joggins with the British coal measures of Namurian and Westphalian age.
The first detailed paleontological macrofloral studies of the Mabou Group (formerly Canso Group), Boss Point Formation, lower Cumberland Group (formerly 'Riversdale'), and middle and upper Cumberland Group were made by Bell (1914 Bell ( , 1926 Bell ( , 1944 Bell ( , 1958 . His work has provided the main biostratigraphic framework for stratigraphers in Atlantic Canada for many decades. Based on pelecypods, branchiopods, and macro-plants and comparisons with Western Europe, he considered the Mabou Group to be late Vise´an to Namurian A (Serpukhovian) in age, and pointed out that no species found in the Mabou Group persist into the Boss Point Formation (Bell 1944 (Bell , 1958 .
The Boss Point Formation of the lower Cumberland Group is characterized by the macroplants Neuropteris smithsii and Whittleseya desiderata, the pelecypod Anthracomya and Naiadites (Bell 1944) . The arthropods (phyllopods) Leaia and Estheria, ostracods, and polychaete worm tubes (Spirorbis) are common. Bell (1944) concluded that the macrofloral assemblage is no older than late Namurian or younger than Westphalian A, and that a Westphalian A age is most probable. This age determination has been accepted by many subsequent workers and led to the general acceptance of a significant disconformity between the Mabou and Cumberland groups representing at least the Namurian B and C (Bashkirian? in part) and conceivably part of Namurian A (late Serpukhovian). However, some other workers e.g. Norman (1935) , Copeland (1957 ), and Belt (1964 pointed out that in some localities there was no obvious lithological break between the Mabou and Cumberland groups and that there were no biostratigraphic data to support the presence of a significant hiatus. For example, Copeland (1957) studied the arthropod fauna of the Mabou, Cumberland and Pictou groups. He concluded that the interval of nondeposition or erosion of late Namurian age shown by Bell (1944, Figure 10 ), between the Mabou and lower Cumberland groups of the Southwest Mabou River section of Cape Breton, could not be distinguished on the basis of faunal assemblages and suggested a gradation from the Namurian Mabou Group to the early to middle Westphalian A (Langsettian) strata of the lower Cumberland Group. The latter contains Belinurus refinae Baily, Arthropalaemon dubius (MilneEdwards), and Pygocephalus cooperi Huxley. These occur in the lower to middle Westphalian A (Langsettian) of Europe, although Belinerus refinae also occurs Figure 6 . Geographic distribution of 'Spicers Cove Formation', and location of samples in the southern part of Joggins coastal section from Sand River to Spicers Cove. From northeast to southwest, Sand River section (¼ 01 of Salas, 1986) , coastal section 7 km to the southwest of Sand River (¼ 03 i of Salas, 1986) , Apple River coastal section (ARi); coastal section southwest of Apple River (¼ 03ii of Salas, 1986) ; Spicers Cove section (Arii) 8 km to the southwest of Apple River.
in the upper Namurian (Bashkirian). The fauna in the overlying beds of the middle and upper Cumberland Group contains only a few diagnostic species, and is generally similar to that of the lower Cumberland. Diagnostic arthropod faunas of the middle and upper Cumberland Group are Carbonita elongata (Jones and Kirkby), Carbonita arankinian (Jones and Kirkby), and Carbonita secans (Jones and Kirkby), and a late Westphalian A (Langsettian) or Westphalian B (Duckmantian) age was proposed for this assemblage. Belt (1964 Belt ( , 1965 quoted lithostratigraphic data and palynological data (the latter supplied by M.S. Barss) to demonstrate continuous sedimentation between the Mabou and Cumberland groups in some localities. He also questioned the assignment of the macroflora described by Bell (1944) from the lower Cumberland Group to the Westphalian A (Langsettian), pointing out that many of the taxa were now known to occur in the Namurian of Western Europe.
von Bitter et al. (2006) A reappraisal of the macroflora from the Joggins section by R.H. Wagner is currently in progress, and a preliminary summary of the results was provided by Utting and Wagner (2005) . They concluded that many of the 'new' species reported from Nova Scotia by Bell (1914 Bell ( , 1926 Bell ( , 1944 Bell ( , 1958 had in fact previously been described. According to Utting and Wagner (2005) the Boss Point macroflora contains elements that range down into the Namurian (Yeadonian) but on the whole favours a Westphalian (Langsettian) age. They assigned the Joggins and Springhill macrofloras to the Langsettian. Those from the Ragged Reef Formation type section (coastal exposure) were assigned to a position above the Langsettian-Duckmantian boundary, and those from the stratigraphically higher part of the Ragged Reef Formation sensu Ryan and Boehner (1994) , here designated informally to the 'Spicers Cove Formation', were assigned to an age range from late Duckmantian (late Bashkirian?) to early Bolsovian (early Moscovian?). Wilson (1952) published a progress report on the study of nine samples (six coals and three shales) in the Joggins section near Coal Mine Point within Division IV of Logan (1845) . This is approximately equivalent to the upper part of the Joggins Formation of Ryan et al. (1991, Figure 2 ) but may include beds of the lowest Springhill Mines Formation of Davies et al. (2005) . Most of the samples were dominated by Lycospora pusilla (¼ Cirratriradites logani) with abundant Laevigatosporites sp. Wilson (1952) identified the latter as Laevigatosporites granulatus, but the taxon was never formally published and is therefore a nomen nudum. Based on the qualitative and quantitative similarities of the palynoflora in different coal seams, he suggested a repetitious floral history and concurred with Dawson (1854) that the shale and sandstone between the coals were the product of relatively rapid sedimentation in an unstable subsiding basin. An explanation of this phenomenon was proposed by Waldron and Rygel (2005) who suggested that rapid subsidence may have been caused by withdrawal of the Windsor Group salt within the Cumberland Basin. Hacquebard et al. (1960) summarized spore assemblages identified to generic level from the Canso Group (now Mabou Group) and 'Riversdale' Group (now lower Cumberland Group). Five divisions were recognized ( Figure 13 ). Based partly on the age determinations of the macroflora (Bell 1944) and from the palynological data, they proposed a Namurian A (Serpukhovian) age for the Mabou Group and a Westphalian A (Langsettian) age for the lower Cumberland Group. Mabou Group assemblages included Acanthotriletes, Cirratriradites, Convolutispora, Densosporites, Grandispora, Knoxisporites, Stenozonotriletes, and Triquitrites, whereas the earliest occurrences of Florinites and Punctatosporites are in the lower Cumberland Group. They concluded that palynological subdivision of the lower Cumberland was not possible because of the lack of miospore genera with a restricted stratigraphic range. They correlated the lower Cumberland with the Caseyville Formation of Illinois of Morrowan age, which they considered to be in part equivalent to the Westphalian A (Langsettian). Hacquebard and Donaldson (1964) provided data concerning assemblages from the main coal-bearing beds of the Cumberland Group at Joggins and Springhill. Identifications were made at the generic level and quantitative data provided. They found the assemblages in the Joggins section to contain common to dominant specimens of Lycospora spp. Common to abundant are Calamospora, Laevigatosporites, and Punctatosporites. Present are Acanthotriletes, Ahrensisporites, Anapiculatisporites, Apiculatisporis, Apiculatasporites, Camptotriletes, Convolutispora, Crassispora, Cyclogranisporites, Densosporites, Florinites, Granulatisporites, Knoxisporites, Leiotriletes, Lophotriletes, Microreticulatisporites, Planisporites, Punctatisporites, Pustulatisporites, Raistrickia, Reticulatisporites, Savitrisporites (Callisporites), and Verrucosisporites. They noted the absence of Triquitrites and Vestispora (Foveolatisporites) that are known to occur in overlying formations. Based on correlations with Britain and Belgium, they proposed a Westphalian B (Duckmantian) age ( Figure 13 ). They also suggested that based on palynological data, the Springhill coal seams were of a similar age to those exposed at Joggins. This was contrary to the views expressed by some previous Figure 12 . Stratigraphic location of samples (bold vertical arrows) from the 'Spicers Cove Formation'. Sand River; 7 km SW of Sand River; Apple River (coastal section), Nova Scotia. Also shown as 'projected' are isolated samples of uncertain stratigraphic position, but which contain assemblages similar to those from the 'Spicers Cove Formation' (e.g. Sand River C-315609).
Previous palynological work
workers that the Joggins coals were older, e.g. Copeland (1957) . In the Spicers Cove section further to the south of the main Joggins section ('Spicers Cove Formation' of this paper) Calamospora, Florinites, Granulatisporites, Laevigatosporites, Lycospora, and Punctatosporites are common to abundant. Also present are many of the other genera listed above for the Joggins section coals as well as Cirratriradites, Dictyotriletes, Vestispora (¼Novisporites or Foveolatisporites), and Mooreisporites. They concluded that these beds were early Westphalian C (Bolsovian) ( Figure 13 ) as they resembled assemblages from the Lonchopteris Zone of the Sydney coalfield.
A preliminary palynological zonation for the uppermost Windsor Group, the Mabou and lower Cumberland groups, that was established by M.S. summarized in Belt (1964 and (Figure 13 ), was used to support the latter's suggestion that in some localities no disconformity existed between the Mabou and Cumberland groups. Also Belt concluded that inappropriate use of these groups as time stratigraphic units justified their lithostratigraphic revision.
Illustrations of taxa typical of the Windsor, Mabou and Cumberland groups, some of which were from the Joggins area, were given by Barss (1967) . Age determinations were based largely on those made previously by Bell (1929 Bell ( , 1944 ) from marine macrofauna (Windsor Group) and from the macroflora (Mabou and Cumberland groups).
A zonal scheme for the Pictou Group was proposed by Barss and Hacquebard (1967) . The group ( Figure  13 ) contained zones A, B, C, D, and E, which were dated mainly from the macrofloral zones of Bell (1938) . Zones A and B were dated as Westphalian C (Bolsovian); Zone C as Westphalian D (Asturian), Zone D as Stephanian and Zone E as Early Permian. Neves and Belt (1971) investigated the palynology of samples from immediately above a marine carbonate that they attributed to the uppermost Windsor Group ( Figure 13 ). They assigned these Hastings Formation beds to the late Vise´an. The uppermost Hastings Formation and the Pomquet Formation they dated Namurian A (early Serpukhovian). They compared and correlated these assemblages with Vise´an and Namurian assemblages of Britain and northern Spain, and suggested that the Vise´an/Namurian boundary may lie within the upper part of the Hastings Formation (lower Mabou) of Nova Scotia, based on the earliest appearance of Potonieisporites elegans. They suggested that the middle part of the Pomquet Formation (upper Mabou) was late Namurian A (Sabdenian) and early Namurian B (Kinderscoutian) in age based on similarities with British assemblages of that age. These similarities include, for example, considerable numbers of Auroraspora solisorta, Crassispora kosankei, Florinites similis, Lycospora uber, Potonieisporites elegans, Rugospora corporata s.l., and Spelaeotriletes arenaceus, in association with Apiculatisporis spp., Knoxisporites dissidius, and Raistrickia spp. However, they pointed out the difficulties of recognizing Namurian B (Kinderscoutian and Marsdenian) and C (Yeadonian) in Atlantic Canada due to the fact that spore assemblages in Britain are different because of the different paleoclimate. For example, the Hastings and Pomquet formations were deposited mainly in an arid climate, although it may have been less arid when the upper part of the Pomquet Formation was deposited, whereas humid, coal swamp conditions occurred in possible coeval beds in parts of Britain. Similarly in the United States coal measures occur in some localities in the early Namurian, for example the upper part of the Pennington Formation of northeastern Kentucky (Ettensohn and Peppers, 1979) . Barss (in Hacquebard 1972 , table lV) recognized two zones, a and b/c in the Mabou (Canso) Group, to which he assigned a Namurian (Serpukhovian) age ( Figure 13 ). The lower Cumberland ('Riversdale') Group contained Zone d of late Namurian age (Bashkirian). Zone e of the lower Cumberland ('Riversdale') was assigned to the Westphalian A (Langsettian). In the middle part of the Cumberland Group zones f and g were dated as Westphalian B (Duckmantian). Hacquebard (1972) Hacquebard and Donaldson (1964) assigned the Shulie beds to early Westphalian C (Bolsovian). Utting (1980) described the assemblages present in the SB-1 borehole of the Shubenacadie Subbasin, Nova Scotia, and recognised three provisional assemblage zones. These data were incorporated by in a regional study of the Windsor and Mabou (Canso) groups and lateral equivalents in Nova Scotia, Newfoundland, New Brunswick, and Quebec. New taxa were described, and three zones formally proposed. In the Lower Windsor (Arundian to Holkerian) is the Lycospora noctuina var. noctuina-Knoxisporites stephanephorus Zone; in the Upper Windsor (Asbian) Figure 14 . Summary of Series and Stages, selected rock units, spore zones, and palynological events.
the Schopfipollenites acadiensis-Knoxisporites triradiatus Zone and, in the boundary beds of the Windsor-Mabou groups (Brigantian) the Grandsispora spinosa-Ibrahimispores magnificus Zone. Correlations were made with the spore zones of Western Europe (Clayton et al. 1977) . Yeo et al. (1988) published a summary of four preliminary spore zones (Figure 3 ; Zones I, II, III) of Westphalian C age (Bolsovian), and Zone IV of Westphalian D age (Asturian) of north central Nova Scotia, and diagnostic taxa were shown on a provisional chart.
Age determinations of miospore assemblages from the Mabou Group and a revised Cumberland Group (sensu Ryan et al. 1991) were made in a number of unpublished reports of the Nova Scotia Department of Mines and Energy by Dolby (1984 Dolby ( , 1987a Dolby ( , 1987b Dolby ( , 1988a Dolby ( , 1988b Dolby ( , 1989a Dolby ( , 1989b Dolby ( , 1991 . These reports, which made correlations with the zonal schemes of Western Europe (e.g. Clayton et al. 1977) , were summarized by Ryan et al. (1991) Hacquebard (1997) summarized previous work on the palynology of the Carboniferous of Atlantic Canada with special emphasis being placed on the application of palynology to coal geology. Utting and Giles (2004) presented new data from the Windsor and Codroy groups, respectively, of Nova Scotia and Newfoundland (Figures 13 and 14) . Correlations were made with the spore zones of Western Europe (e.g. Clayton et al. 1977) . The zonal scheme and interpretative ages proposed earlier by were modified and some zones renamed. The Grandispora spinosa-Ibrahimispores magnificus Zone was dated as latest Brigantian (latest Vise´an) to Pendleian (early Serpukhovian). provided a summary of palynological work in progress on the Upper Vise´an, Namurian, and Westphalian rocks of the Joggins area, Nova Scotia.
Utting and Giles (2008) studied in detail palynomorphs from the Searston Formation, Barachois Group of southwestern Newfoundland, and proposed the Reticulatisporites carnosus Assemblage Zone for rocks assigned to the late Pendleian and Arnsbergian.
Sample localities
Detailed sampling of outcrops for palynology was carried out at the Joggins coastal section, Nova Scotia and in adjacent southeastern New Brunswick (Figures 3, 4, 6-12; Table 1 ). In addition, subsurface core samples were obtained from three wells in the type area of the Springhill Mines Formation, Springhill ( Figure 5 ). A total of more than 500 samples was collected from all the localities, and these have been curated at the Geological Survey of Canada (Calgary) for the present palynological study and for possible future work in this and other disciplines. Two-hundred and eleven samples were processed for palynology using standard preparation techniques described by Wood et al. (1996;  Figure 1 ) and most were productive (Figures 15-27 ).
Palynostratigraphy
The Lower Carboniferous concurrent range zones recorded from numerous localities throughout Atlantic and the Grandispora spinosa-Ibrahimispores magnificus Concurrent Range Zones, which respectively generally occur in the upper Windsor Group and the lower Mabou Group. They are briefly summarized below. In this paper only the three new zones have been described in detail and formally proposed (Figure 14) . They are the Raistrickia saetosa Concurrent Range Zone, the Raistrickia fulva Concurrent Range Zone and the Vestispora magna Assemblage Zone. There is a reduction in palynofloral diversity, and numerous taxa that are present in the Vise´an and early Namurian elsewhere are absent in younger rocks. There is also a marked increase in the abundance of gymnosperm pollen of the PFWG monosaccate complex. As pointed out by other workers such as Nygreen and Bourn (1967) and Ravn (1986) , there is continuous morphological transition between pollen assignable to several monosaccate form genera, i.e. Potonieisporites/ Florinites/Wilsonites/Guthoerlisporites (PFWG). In the vertical distribution charts of this paper, specimens that are similar to the original species descriptions have been identified as such, but where there is less similarity they have been assigned to the PFWG monosaccate complex. Some monosaccate specimens are considered by one of us (G.D. in Calder 1998) to have an affinity with Gondwanan species, e.g. Cannanoropollis janakii, Cannanoropollis mehtae, and Plicatipollenites densus, although it would seem that these species may also be part of the variation of the monosaccate complex. Acritarchs. Micrhystridium spp. and Veryhachium spp. are rare but characteristic features of many samples. Although it is not possible to state categorically that the simple acanthomorph acritarchs are reworked, the presence of the more complex acritarch Diexallophasis remota, which has a stratigraphic range from Early Silurian to Middle Devonian (Playford 1977) , suggests that they are unlikely to be in situ. Thus, erosion of exposed marine Lower Paleozoic rocks probably took place as the lower Cumberland Group was deposited. Stratigraphic occurrence in study area. Boss Point and Little River formations, Joggins section, Nova Scotia (Figures 3, 16-19 At a depth of 59.6 m (195.6 ft) the assemblage contains Apiculatisporis aculeatus, Crassispora kosankei (common), Lycospora pellucida (common), Lycospora pusilla (common), Lycospora rotunda (common), Microreticulatisporites concavus, Potonieisporites elegans, Raistrickia fulva, Raistrickia saetosa (common), and Savitrisporites nux.
At a depth of 78.4 m (257.3 ft) the assemblage contains Acanthotriletes sp., Anapiculatisporites baccatus, Apiculatisporis abditus, Crassispora kosankei, Granulatisporites microgranifer, Knoxisporites triradiatus, Latosporites minutus, Lophotriletes microsaetosus, Lycospora pellucida, Lycospora pusilla, Punctatisporites glaber, and Raistrickia saetosa.
Vestispora magna Assemblage Zone (new zone)
Earliest occurrence of taxa. Microreticulatisporites nobilis, Mooreisporites fustis and Vestispora magna. Abundance characteristics. Common to abundant are Florinites mediapudens, Florinites pumicosus, Lycospora pellucida, Lycospora pusilla, Mooreisporites fustis, and Schopfipollenites ellipsoides; Potonieisporites elegans, along with the PFWG monosaccate complex are common. Palynological events and comments. Earliest occurrence of hilate genus Vestispora. The differentiation of this genus into a number of species is discussed below. Stratigraphic and geographic occurrence in study area. 'Spicers Cove Formation' in the area south of Sand River, Apple River, Spicers Cove, and the Joggins section, Nova Scotia (Figures 6, 12, 27 ).
Probable ages of zones and assemblages
The age determinations of rocks of the Mabou and Cumberland groups, and the duration of the hiatus between the Mississippian and Pennsylvanian, have been the subject of debate for many years. Part of the reason for this is the lack of major diagnostic sedimentary criteria to differentiate the groups, the scarcity of fossils other than miospores, and poor exposure (other than in some river and coastal sections). Generally, as a guide to mapping these rocks in the field, the base of the Cumberland Group is defined by the earliest appearance of thick, multistoried sandstone units.
Problems concerning the Mississippian-Pennsylvanian boundary occur also in some localities in the USA. For example in northeastern Kentucky it is not clear whether a major disconformity separates Mississippian and Pennsylvanian rocks of similar lithology, or if multiple disconformities occur at the boundary interval (Ettensohn and Peppers 1979) . These workers also pointed out that in the past, the presence of coal was often taken to be an indicator of a Pennsylvanian age in northeastern Kentucky, yet coal is known from the late Chesterian (early Serpukhovian). Similarly, coal occurs in southwestern Newfoundland in the upper part of the Searston Formation, Barachois Group, and is dated as late Pendleian to Arnsbergian (Utting and Giles 2008) .
Although the miospore zones outlined above are of value in making regional correlations throughout Atlantic Canada, it is important to establish relative ages in terms of the internationally recognized stages of the Carboniferous, as for example Heckel and Clayton (2006) . Without such determinations it is impossible to make reliable intercontinental correlations or to establish the duration, or even presence, of disconformities.
The Pennsylvanian ages shown in the Series and Stages column (Figure 14) , are based on those used by many authors, e.g. Gradstein et al. 2004; Heckel and Clayton 2005; Menning et al. 2006 . They show the base of the Moscovian to be at, or just below, the base of the Bolsovian. However, recent work in northern Spain by Kullmann et al. (2007) suggests this may require emendation, and that the base of the Moscovian is Langsettian, or even latest Yeadonian.
The relative ages of the new palynological zones have been established largely by making comparisons with the spore zones of Western Europe, which, like Atlantic Canada, belonged during the Carboniferous to the Euramerican floral province (Meyen 1987) . Age determinations of the zones, based on comparisons with Western Europe and the North Sea, are tentative because the Cumberland assemblages lack diversity and many taxa diagnostic in Western Europe are absent in the assemblages of the Joggins area due to environmental and climatic differences. Thus, it is not the Ragged Reef Formation of the Cumberland Group of late Yeadonian to Langsettian age, suggests a rapid rate of deposition. In addition, due to environmental and climatic factors, the assemblages are less diverse than those of Western Europe, thus making it difficult to correlate with the detailed zonation erected there.
The Western European assemblages are relatively well known and well illustrated (e.g. Smith and Butterworth 1967; Neves et al. 1972; Neves et al. 1973; Clayton et al. 1977; Owens et al. 1978; McLean et al. 2005) . There is also relatively good biostratigraphic control from marine fauna including goniatites, foraminifers and conodonts; the taxonomic treatment of the spores has been the same in both areas. Nevertheless, the existing Western European zonations, largely based on data from the British Isles, need updating. It has been over 40 years since Smith and Butterworth published their work, which was based largely on coal seams, and over 30 years since Clayton et al. (1977) published theirs (based largely on carbonaceous shales and coals). More recent work by, for example, Turner and Spinner (1993); Owens (1996) ; Owens et al. (2004); McLean et al. (2005) and Owens et al. (2005) has indicated that as more data become available, the stratigraphic ranges of some diagnostic taxa require emendation. Turner and Spinner (1993) demonstrated how this applied to the late Namurian (Yeadonian?) Raistrickia fulva-Reticulatisporites reticulatus (FR) and the early Westphalian (Langsettian) Triquitrites sinani-Cirratriradites saturni (SS) zones. Until these emendations are made, correlations with the British Isles remain tentative, and, even with new 2005), few of the taxa considered diagnostic for that area are present in Atlantic Canada. This means that a disproportionate weight is placed on a relatively few stratigraphically diagnostic taxa lessening the reliability and confidence of the correlation. Thus, although approximate correlations are here suggested, reappraisal, revision and refinement of age determinations will almost certainly prove necessary as more data become available.
Limited palynological data are available in the USA for the Vise´an, Serpukhovian, and Bashkirian in areas where marine fossils provide stratigraphic control, and there are fewer in the way of published zonal schemes compared with those of Western Europe. None is available for the complete section of Vise´an or Serpukhovian, although detailed data are available for parts of the succession, e.g. Hoffmeister et al. (1955); Felix and Burbridge (1967) ; Sullivan and Mishell (1971) ; Ettensohn and Peppers (1979) ; Horowitz et al. (1979) ; Ravn and Fitzgerald (1982) . In some formations, such as the Goddard Formation of Figure 27 . Palynomorph taxa in selected samples of the 'Spicers Cove Formation' in the vicinity of Sand River (section 01 of Salas, 1986) ; 7 km southwest of Sand River (section 03 of Salas, 1986) ; Apple River, and Apple River shore sections; Spicers Cove (shore section); (Figure 12 ). Semi-quantitative data show relative abundance of taxa. R ¼ reworked.
Oklahoma (Lane and Straka 1974) and the Bangor Formation of Tennessee (Horowitz et al. 1979) , marine fauna provides some measure of stratigraphic control.
More detailed zonal schemes exist for rocks of the Pennsylvanian of the Illinois Coal Basin (Peppers 1996) and Iowa (Ravn 1986 ). However, as Peppers Figure 14 for biostratigraphic ages of the zones. Illustrations of selected palynomorphs referred to in the text. In the explanations of Plates 1-5, the species name is followed by the name, or names, of the authors and date of publication. This is followed by the GSC type number, the slide number, stage coordinates and GSC locality number. Stage co-ordinates (in mm) are from a Sensor Control Display digital readout, with the zero point of both X and Y axes set at the right hand corner of a 76 mm 6 25 mm glass microscope slide (label on left side). All specimens are in the type collection of the Geological Survey of Canada, 601 Booth St., Ottawa, Ontario, Canada. The magnification of all illustrated specimens is approximately 6550 with the exception of Plate 4, no. 4 which is approximately 685.
(1996) observed, most of the spore taxa used to differentiate the Namurian from the Westphalian in Europe have not been found to be very useful in North America.
Plate 1. Selected taxa in Mabou Group. Figure 1 . Schopfites claviger Sullivan, 1968, GSC 124291, slide 3, 41 .7 6 9.1, GSC loc. C-315277. Figure 2 . Crassispora trychera Neves and Ioannides, 1974, GSC 124292 , slide 3, 13.5 6 13.3, GSC loc. C-315280. Figure 3 . Crassispora maculosa (Knox) Smith and Butterworth, 1967 , GSC 124293, slide 3, 2.8 6 13.2, GSC loc. C-315277. Figure 4 . Densosporites columbaris Utting, 1987, GSC 124294 , slide 3, 31.6 6 12.4, GSC loc. C-315277. Figure 5 . Knoxisporites triradiatus Hoffmeister, Staplin and Malloy, 1955, GSC 124295, slide 3, 29 .4 6 10.2, GSC loc. C-315292. Figure 6 . Ibrahimispores magnificus Neves, 1961, GSC 124296, slide 3, 21 .6 6 11.9, GSC loc. C-315294. Figure 7 . Grandispora spinosa Hoffmeister, Staplin and Malloy, 1955, GSC 124297, slide 3, 10 .3 6 19.6, GSC loc. C-315301. Figure 8 . Spelaeotriletes bellii Utting, 2004, GSC 124298, slide 3, 34 .9 6 18.7, GSC loc. C-315280.
Mississippian zones
The criteria for determining the ages of the Vise´an and early Serpukhovian concurrent range zones found in Plate 2. Selected taxa in Mabou Group. Figure 1 . Spelaeotriletes arenaceus Neves and Owens, 1966, GSC 124299, slide 3, 20 .5 6 8.9, GSC loc. C-315278. Figure 2 . Schopfipollenites acadiensis Utting, 1987, GSC 124300, slide 3, 27.4 6 13.6, GSC loc. C-315280. Selected taxa in Cumberland Group. Figure 3 . Calamospora parva Guennel, 1958, GSC 124301, slide 3, 21.7 6 18.1, GSC loc. C-315353. Figure 4 . Cyclogranisporites aureus (Loose) Potonie´and Kremp, 1955 , GSC 124302, slide 3, 31.6 6 6.8, GSC loc. C-315372. Figure 5 . Anapiculatisporites baccatus (Hoffmeister, Staplin and Malloy) Ravn, 1986 , GSC 124303, slide 3, 28.1 6 10.5, GSC loc. C-315324. Figure 6 . Granulatisporites granulatus Ibrahim, 1933, GSC 124304, slide 3, 9.5 6 12.2, GSC loc. C-315387. Figure 7 . Granulatisporites microgranifer Ibrahim, 1933, GSC 124305, slide 3, 31.6 6 20.9, GSC loc. C-315353. Figure 8 . Lophotriletes gibbosus (Ibrahim) Potonie´and Kremp, 1955, GSC 124306, slide 3, 18 .4 6 17.3, GSC loc. C-315328. Figure 9 . Granulatisporites adnatoides (Potonie´and Kremp) Smith and Butterworth, 1967, G SC 124307, slide 3, 8 .2 6 10.3, GSC loc. C-315353. Figure 10 . Lophotriletes microsaetosus (Loose) Potonie´and Kremp, 1955, GSC 124308, slide 3, 9 .2 6 9.8, GSC loc. C-315456. Figure 11 . Apiculatisporis abditus (Loose) Schopf, Wilson, and Bentall, 1944, GSC 124309 , slide 4, 40.6 6 3.7, GSC loc. C-315390. Figure 12 . Acanthotriletes triquetrus Smith and Butterworth, 1967, GSC 124310, slide 3, 25 .3 6 11.9, GSC loc. C-315617. Figure 13 . Apiculatisporis variocorneus Sullivan, 1964 , GSC 124311, slide 3, 31.8 6 4.6, GSC loc. C-315353. Figure 14 . Microreticulatisporites nobilis (Wicher) Knox, 1950, GSC 124312, slide 3, 17 .95 6 10.72, GSC loc. C-315622. Figure 15 . Tricidarisporites arcuatus Neville, in Neves et al., 1973, GSC 124313, slide 3, 31 .2 6 5.6, GSC loc. C-315471. Figure 16 . Acanthotriletes sp. GSC 124314, slide 3, 31.2 6 13.5, GSC loc. C-315353. Figure 17 . Raistrickia sp. GSC 124315, slide 3, 32.7 6 11.4, GSC loc. C-315353. Figure 18 . Raistrickia saetosa (Loose) Schopf, Wilson, and Bentall, 1944, GSC 124316, slide Atlantic Canada, were previously outlined by Utting and Giles (2004) and von Bitter et al. (2006) .
Schopfipollenites acadiensis-Knoxisporites triradiatus (AT) Concurrent Range Zone
Age. Brigantian Comments. Although the zone contains only a few taxa in common with the Brigantian of Western Europe. Significant is the Crassispora maculosa-Spelaeotriletes arenaceus palynofacies in the upper part of the zone in southwestern Newfoundland. Both these nominate species have their earliest occurrence in Western Europe in the Tripartites vetustus-Rotaspora fracta Zone, the base of which coincides with the Brigantian.
Grandispora spinosa-Ibrahimispores magnificus (SM) Concurrent Range Zone
Age. latest Brigantian to Pendleian? (early Serpukhovian). Comments. When this zone was proposed it had only been found in beds immediately above the uppermost Windsor Group marine carbonate. However, it is now known that indicators for the zone occur in the uppermost marine carbonate of the Codroy Group of western Newfoundland and in the Kennetcook limestone at the top of the Windsor Group (Utting and Giles 2004) . A Brigantian age was proposed for this zone based largely on the fact that Grandispora spinosa first appears in Europe in the Tripartites vetustus-Rotaspora fracta (VF) Zone of Brigantian age. A late Vise´an to early Namurian (Serpukhovian) age seemed reasonable in view of the fact that Potonieisporites elegans, which occurs rarely and sporadically in the upper part of the Hastings Formation overlying the Windsor Group (Neves and Belt 1971) was believed in the Southern Pennines of England to have its earliest appearance in Europe close to the base of the Namurian (Pendleian) in the upper part of the Bellispores nitidus-Reticulatisporites carnosus (NC) Zone (Clayton et al. 1977) . However, in the Midland Valley of Scotland (Neves and Belt 1971) and in the North Sea ) Potonieisporites elegans has its earliest occurrence in the upper part of the Arnsbergian. Ibrahimispores magnificus, which has its earliest occurrence in the Grandispora spinosaIbrahimispores magnificus (SM) Concurrent Range Zone, appears in the Namurian B of Europe. The closely related species Ibrahimispores brevispinosus appears in the Namurian A (early Serpukhovian). Specimens resembling Ibrahimispores brevispinosus first appear in the NC Zone of late Vise´an to early Namurian age (Clayton et al. 1977) . If beds of the uppermost Windsor/Codroy are early Namurian (see discussion in von Bitter et al. 2006 ) then the earliest occurrence of Ibrahimispores magnificus may be a useful diagnostic taxon for the early Pendleian.
The assemblage in this zone has some features in common with those described from the late Vise´an Hardinsburg Formation of Illinois and Kentucky in that both Grandispora spinosa and Schulzospora spp. are present.
The Shepody Formation contains assemblages assignable to the Grandispora spinosa-Ibrahimispores magnificus Zone, although diagnostic taxa are rare. The Claremont Formation was assigned by Bell (1929 Bell ( , 1944 to the base of the lower Cumberland Group ('Riversdale') of Westphalian A (Langsettian) age, but assemblages recovered from lowest Claremont strata belong to the Grandispora spinosa-Ibrahimispores magnificus Zone. Although no macroflora occurs in this coarsely arenaceous unit, it was originally placed at the base of the lower Cumberland ('Riversdale') Group because a conglomerate was, quite reasonably at the time, considered to represent the base of the sequence (Bell 1929 (Bell , 1944 . However, sedimentological assessment suggests that the Claremont Formation has more similarities with the underlying Shepody Formation than with the overlying Boss Point Formation. The palynological assemblages from the Shepody and Claremont are different in species content and in general quantitative terms from assemblages of the Boss Point Formation. Therefore, based on lithostratigraphic and palynostratigraphic data, we assign both the Shepody and Claremont formations to the Mabou Group. This practice is in agreement with the recent assignment of the Claremont Formation to the Mabou Group by Davies et al. (2005) and by Calder et al. (2005) .
There is a lack of exposure in the Joggins section between the Claremont Formation and the Boss Point Formation, but the contact is probably a disconformity as it appears to be in the New Brunswick coastal 3, 27.3 6 13.4, GSC loc. C-315361. Figure 19 . Raistrickia fulva Artu¨z, 1957 , GSC 124317, slide 3, 34.8 6 6.1, GSC loc. C-315464. Figure 20. Verrucosisporites microverrucosus Ibrahim, 1933 . Figure 21 . Verrucosisporites morulatus (Knox) Smith and Butterworth, 1967, GSC 124319, slide 3, 26 .9 6 6.9, GSC loc. C-315640. Figure 22 . Dictyotriletes reticulocingulum (Loose) Smith and Butterworth, 1967, GSC 124320 , slide 10.6 6 9.0, GSC loc. C-315548. Figure 23 . Dictyotriletes muricatus (Kosanke) Smith and Butterworth, 1967, GSC 124321, slide 3, 30.1 6 6.1, GSC loc. C-315648. section near Green Creek (see previous discussion). This is supported by the marked palynofloral change between the assemblages of the Claremont and Boss Point formations. A significant unconformity and a marked extinction event is a common feature in the early Namurian (late Arnsbergian and Chokierian) and occurs in a number of places elsewhere in the northern hemisphere such as Western Europe, North America, and China, e.g. Owens (1996) .
10. Pennsylvanian zones 10.1. Raistrickia saetosa Assemblage Zone Probable age. Yeadonian? to Langsettian Comments. The age of this zone is problematical because there is a scarcity of diagnostic taxa with limited stratigraphic range. The assemblage lacks species diversity consisting of relatively few taxa that are abundant to dominant, e.g. Auroraspora solisorta, Florinites pumicosus, Florinites similis, Lycospora pellucida, Lycospora pusilla, Schopfipollenites ellipsoides, Potonieisporites elegans, and representatives of the PFWG monosaccate complex. Some taxa that occur sporadically are more characteristic of the underlying Vise´an and lower Serpukhovian and are probably reworked. In some samples reworked Devonian acritarchs are present sporadically. The presence of Apiculatisporis spinososaetosus near the base of the Boss Point Formation suggests an age close to the Yeadonian/Langsettian boundary . Raistrickia saetosa is known to occur in the Marsdenian to Langsettian of Britain (Turner and Spinner 1993) . In Iowa, USA, Ravn (1986) recorded R. saetosa in most of the coals including the oldest coal studied, i.e. the Wildcat Den Seam of the Caseyville Formation of Morrowan age (Yeadonian to Langsettian) through to the Summit Coal of Stephanian age. In the North Sea, the earliest occurrence of Apiculatisporis abditus, which is rare in the Boss Point Formation, would support a Marsdenian or younger age . According to Clayton et al. (1977) an abundance of Florinites spp. does not normally occur in Western Europe until the late Langsettian, but Turner and Spinner (1993) recorded it as a subdominant component of the shale and coal of the Marsdenian (Namurian B) Chatsworth coal in England. The abundance of the PFWG monosaccate complex (derived from Cordaites) indicates significant contributions from extra-basinal flora, a phenomenon supported by data from the macroflora (R.H. Wagner, personal communication, 2005) . This event, along with the presence of reworked Lower Silurian to Middle Devonian acritarchs, may be of age significance as it could reflect changes in the tectonic history and paleogeography that characterize the lower part of the Upper Carboniferous of Atlantic Canada.
The lack of stratigraphically diagnostic taxa in the R. saetosa Zone, to some extent, explains the different ages attributed by various workers to the base of the Cumberland Group (Figures 13-14) and hence the apparent variations in the duration of the hiatus between the Mississippian and Pennsylvanian. In this paper the base of the zone is somewhat arbitrarily taken as Yeadonian although a Langsettian age can not be ruled out. This compares with a Langsettian age assigned to the macroflora by Utting and Wagner (2005) , although the precise stratigraphic position of the fossil specimens from the Boss Point Formation is unknown and it could be that basal beds are not represented. A Yeadonian age for basal Pennsylvanian strata in the Joggins section is consistent with the conclusion of Blake (2006) for the Central Appalachian Basin, USA where macrofloral evidence suggests a hiatus for the Mississippian /Pennsylvanian boundary between the Arnsbergian and Yeadonian.
Raistrickia fulva Concurrent Range Zone
Probable age. Langsettian Comments. Raistrickia fulva has its earliest occurrence in the eponymous Raistrickia fulva Zone in the Joggins section and in the North Sea although in Western Europe it first appears in the Kinderscoutian and has its latest occurrence in the Bolsovian (Owens et al. 2004; McLean et al. 2005) . Laevigatosporites spp. were found by Clayton et al. (1977) to have their earliest occurrence in Western Europe at the top of the Lycospora subtriquetra-Kraeuselisporites ornatus Zone in the upper part of the Serpukhovian (Alportian to Chokierian?) but do not occur in significant numbers until the upper part of the Yeadonian, with marked increase in the lower part of the Langsettian (Owens 1996) . In Iowa, Laevigatosporites and Lycospora rotunda occur in Langsettian coal of the Caseyville Formation studied by Ravn and Fitzgerald (1982) and by Ravn (1986) and assigned to the Langsettian (in Peppers 1996) . Cirratriradites saturni, which is extremely rare in the Joggins section, has its earliest occurrence in Western Europe in the Langsettian, although in Upper Silesia it was recorded as appearing in the upper Arnsbergian (Owens 2004) . Cirratriradites saturni was recorded by Peppers (1996) in the lower part of the Caseyville Formation of Morrowan age (Namurian C to Westphalian A). Lycospora rotunda and Cirratriradites saturni also occur in the Breathitt Formation of Kentucky that Ettensohn and Peppers (1979) suggested was of Namurian B (early Bashkirian) to Westphalian A (Langsettian) age. In the Appalachian coal region, Peppers (1996, Plate 2) used the earliest occurrence of Laevigatosporites and Florinites mediapudens to define the base of the Westphalian (Langsettian). In Western Europe and the North Sea Spelaeotriletes arenaceus, which has its earliest occurrence in the Asbian, has its latest occurrence in the mid-Langsettian, whereas in the Joggins section it occurs rarely and sporadically up to the top of the Ragged Reef Formation. Thus, a Langsettian age for the R. fulva Zone seems reasonable.
Vestispora magna Assemblage Zone
Age. Late? Duckmantian. Comments. A number of species was assigned to the hilate genus Vestispora by Spode in Smith and Butterworth (1967) . Although some species of Vestispora are quite distinctive, e.g. Vestispora fenestrata with its foveolae, others are less so, making their use as reliable age diagnostic taxa questionable. For example, there appears to be little difference between illustrations by Smith and Butterworth (1967) of Vestispora costata on Plate 25 figures 1 and 2, and Vestispora tortuosa on Plate 26 figures 1 and 2, and, as was pointed out by Ravn (1986) in view of these similarities and the fact that the stratigraphic ranges are similar, the recognition of two species may not be justified. Smith and Butterworth (1967) recorded Vestispora tortuosa from the Langsettian to Bolsovian, although Turner and Spinner (1993) recorded it from the latest Yeadonian to Langsettian. McLean et al. (2005) listed Vestispora cancellata (¼Vestispora tortuosa) as having its earliest occurrence in the midLangsettian and Vestispora magna as having its latest occurrence in the mid-Bolsovian. The precise contact between the Yeadonian and Langsettian in the section studied by Turner and Spinner (1993) is unknown due to the lack of the basal Westphalian Gastrioceras subcrenatum Marine Band. Vestispora pseudoreticulata does not differ greatly from Vestispora magna (see for example Smith and Butterworth 1967, respectively Plate 25, figures 11 and 13) and in the North Sea the former has its earliest occurrence in the mid Langsettian, whereas the latter has its earliest occurrence in the late Duckmantian; both species have their latest occurrence in the Asturian (Westphalian D). In the USA both Vestispora pseudoreticulata and Vestispora magna occur in the Illinois Basin and Appalachian Coal Region in beds dated as Duckmantian (Peppers 1996) . Microreticulatisporites nobilis, which has its earliest occurrence in the Vestispora magna Zone, first appears in the early Duckmantian of the North Sea . Peppers (1996) recorded Vestispora pseudoreticulata as having its earliest occurrence in the Duckmantian in the coal basins of the western Interior, Illinois and the Appalachians. Thus from data in the British Isles, the North Sea and from the USA, a case can be made for the lower part of the Vestispora magna Zone being Duckmantian, and probably late Duckmantian. This would suggest that some strata may be missing between the Ragged Reef Formation and the 'Spicers Cove Formation', indicating either a hiatus or beds not sampled due to lack of exposure or faulting. The single constraint on the upper limit of the zone is the lack of the genus Torispora and the species Vestispora fenestrata which appear in the Bolsovian of the Northern Hemisphere (Owens 1996; McLean et al. 2005) including the Maritimes Basin of Atlantic Canada (Hacquebard 1997) . In addition to this negative evidence, the top part of the Vestispora magna Zone is probably not younger than the upper part of the Duckmantian, based on the fact that in the North Sea Savitrisporites nux, Raistrickia fulva, Vestispora tortuosa, and Reticulatisporites polygonalis all have their latest occurrence in the W6 Biozone of Duckmantian age and all these species are present in the Vestispora magna Zone.
As stated above the existence and duration of a hiatus at the contact of the Mississippian and Pennsylvanian in Atlantic Canada, has been the cause of much disagreement in the past. There is, in our opinion, palynological evidence for a hiatus from the top of the Arnsbergian to the lower part of the Yeadonian, i.e. rocks of the Chokierian, Alportian, Kinderscoutian, and Marsdenian are absent. This differs from the conclusions of Belt (1964) based partly on unpublished spore zones of Barss, who favoured continuous sedimentation in the Namurian of Nova Scotia. Elsewhere in North America, for example in the mid-Carboniferous of the Central Appalachian Basin of the USA, the macroflora supports a hiatus from the Arnsbergian to the Yeadonian (Blake 2006; Blake and Beuthin 2008) .
Environments of deposition and paleoclimate
The environment of deposition at the site of plant growth generally differs from that where the actual deposition took place due to the fact that pollen and spores may be transported locally or considerable distances by water or air from their site of origin. Throughout the late Vise´an and early Namurian, the climate in Atlantic Canada, according to multivariate statistical analysis carried out by Van der Zwan et al. (1981) on the Windsor Group, was hot and arid. This is supported by the fact that evaporites in these rocks were common and there was an abundance of relatively few taxa including the arid miospore indicator Crassispora trychera . This would be consistent with the low latitude position (close to the equator) proposed by Smith et al. (1981) . During the early Serpukhovian anhydrite deposition diminished and, in the Mabou Group, there is evidence, in the form of taxa becoming relatively more diverse, of the climate being relatively more humid. The question remains whether the Mabou Group includes marine facies, especially in the lowest part, but as Calder (1998) pointed out the term 'nonmarine' is too restrictive and simplistic, as it fails to take into account whole spectrum from marine to inland aquatic communities.
Worldwide regression took place at the end of the Mississippian when the Pennsylvanian Ice Age commenced with a massive buildup of a South Polar ice cap -a process which seems to have started, on a more modest scale, during the Mississippian (Wagner 1979; R.H. Wagner, personal communication) . Macrofloral evidence obtained from the Boss Point Formation indicates that sedimentation only recommenced in early Langsettian times after a break of several million years.
In the Boss Point Formation, Cumberland Group, reworking of Paleozoic palynomorphs occurs quite commonly, but many in situ Mississippian spores that characterize the Windsor (Vise´an) and Mabou (early Serpukhovian) groups are absent, and the assemblage lacks diversity. The change in palynoflora may coincide with a major worldwide floral break at the time of the Chokierian and Alportian stages (Owens 1996) . The lower Boss Point Formation contains a flora of large cordaite trees found in a permineralized state (Dadoxylon acadianum Dawson, 1858) , and these were probably derived from extrabasinal material or riparian sites (Calder 1998) . The Boss Point and Joggins Formation miospore assemblages are dominated by the lycopsids Lycospora pusilla and Lycospora pellucida, but the PFWG monosaccate complex is abundant. Common to abundant are Schopfipollenites ellipsoides, Spelaeotriletes arenaceus, and Auroraspora solisorta. Present is the monosaccate pollen Florinites similis. The dominance of lycospores would support the suggestion made by Calder (1993) that arboreous lycopsids (Lepidodendron and Lepidophloios) were the dominant plants. This would indicate a climate that was consistently more humid than that of the early Serpukhovian. The abundance of the PFWG monosaccate complex suggests either the presence of dry flood plain conditions or it could be due to overrepresentation of cordait and conifer pollen due to aerial or fluvial transport. It is possible that much of this pollen was derived from trees growing in an upland extra-basinal area some distance from the point of deposition, for example on the fan-piedmont suggested in the reconstruction by Calder (1993) . Abundant Schopfipollenites indicates the presence of significant proportions of the seed fern Medullosa .
In the upper Joggins Formation, Springhill Mines Formation and Ragged Reef Formation there is an increasing number of tree ferns as represented by the spores of Laevigatosporites minimus and Latosporites spp. However, the overall dominance of Lycospores and the abundance of the PFWG monosaccate complex persist until the upper part of the Ragged Reef Formation. In the 'Spicers Cove Formation', the presence of Vestispora in significant numbers suggests an increasing number of Sphenopsids. Throughout the Cumberland Group conditions were sufficiently humid for abundant plant growth to lead to coal measure deposition, although the relative scarcity of Densosporites spp. suggests that the climate was less humid than that of the Bashkirian of Western Europe. Calder (1993) interpreted the coal forming mires as groundwater fed rather than rain fed. This is supported by the frequent occurrence of red beds in the Joggins Formation, although these do not necessarily indicate specific paleoclimatic conditions (Sheldon 2005 Playford, 1977 
